• Wikidata is a flexible biomedical semantic knowledge-base • It has the potential to perform a much better role as a large-scale biomedical semantic resource • It has the potential to perform a far-increased role as a large-scale biomedical semantic resource • Tools are available to query, enrich, verify and process the biomedical knowledge Abstract: Created in October 2012, Wikidata is a large-scale, human-readable, machine-readable, multilingual, multidisciplinary, centralized, editable, structured, and linked knowledge-base with an increasing diversity of use cases. Here, we raise awareness of the potential use of Wikidata as a useful resource for biomedical data integration and semantic interoperability between biomedical computer systems. We show the data model and characteristics of Wikidata and explain how this database can be automatically processed by users as well as by computer methods and programs. Then, we give an overview of the medical entities and relations provided by the database and of how they can be useful for various medical purposes such as clinical decision support
Introduction
With the rising use of artificial intelligence in medicine, there is a clear need to develop a large-scale, multi-lingual, machine-readable, human-readable, editable, structured and linked representation of all medical knowledge for processing biomedical data by computational methods (Patel, et al., 2009) . One way to achieve this is the use of a unified representation such as a biomedical semantic knowledge database. It provides an exhaustive, yet ever-evolving, list of biomedical concepts such as genes, diseases, drugs, symptoms and their names in multiple languages (Collier, et al., 2006) . These concepts are linked by taxonomic relations, such as "instance of" and "subclass of", to allow the data to be classified, categorized and indexed (Smith, et al., 2005) . Non-taxonomic associative relations (e.g. "drug used for treatment" and "risk factor") should create a further link between medical concepts to give biomedical computer programs the ability to clinically analyze provided inputs (such as Electronic Health Records, IoT data, and X-ray images) as well as the ability of returning needed outputs (Bodenreider, 2008) . In recent decades, many large-scale taxonomies including SNOMED-CT (Systematized Nomenclature of Medicine -Clinical Terms), MeSH (Medical Subject Headings), UMLS (Unified Medical Language System), and FMA (Foundational Model of Anatomy) (Bodenreider, 2008; Ivanovid & Budimac, 2014) and multiple ontologies involving non-taxonomic biomedical associations 1 (Sun, 2015; Xu, Li, & Wang, 2014) have been developed for a variety of biomedical applications like biomedical question answering (Athenikos & Han, 2010) , clinical decision support (De Potter, et al., 2012) and the automation of computed tomography procedures (De Silva, MacDonald, Paterson, Sikdar, & Cochrane, 2011) . Some of these resources such as BabelMeSH and SNOMED-CT are currently available in multiple languages and can be used to process biomedical data provided in languages other than English (Liu, Fontelo, & Ackerman, 2006; Henriksson, Skeppstedt, Kvist, Duneld, & Conway, 2013) .
Ontologies are an outstanding contribution to biomedical informatics (Ivanovid & Budimac, 2014) . However, being verified and validated by a closed set of medical scientists imposes several drawbacks (Hoehndorf, Dumontier, Oellrich, Rebholz-Schuhmann, Schofield, & Gkoutos, 2011 ). On the one hand, an ontology can lack an important concept or relation that is found in other same-purpose biomedical ontologies (Hoehndorf, Dumontier, Oellrich, Rebholz-Schuhmann, Schofield, & Gkoutos, 2011) . On the other hand, several existing ontologies are incompatible with one other because they cover different fields of interest or because they use different systems (Hoehndorf, Dumontier, Oellrich, Rebholz-Schuhmann, Schofield, & Gkoutos, 2011; Bodenreider, 2008) . Moreover, existing databases have different licences to use (LTU). Many are subscription-based business models where additional technical barriers and affordability becomes a concern (Walsh, Arora, & Cohen, 2002) . These issues limit integration of biomedical data and prevent semantic interoperability between biomedical computer systems (Bodenreider, 2008; Orgun & Wu, 2006) . This has led to a fractured landscape of partial databases that are isolated from each other as well as the wider knowledge ecosystem, thus falling short of the potential of a broader knowledge-base. There is, therefore, a clear need for a single centralized, voluminous, easily editable and verifiable biomedical ontology, to which all biomedical concepts, relations, and all distinct biomedical ontologies should be compatible (Hoehndorf, Dumontier, Oellrich, Rebholz-Schuhmann, Schofield, & Gkoutos, 2011) .
The innovative feature of Wikidata comes from its centralized and linked functionality and parametric approach. We are, in fact, involved in the research focusing on the use of Wiki resources (such as Wikipedia and Wiktionary) in relation to their semantics dimensions. Recently, we have been exploring the added value of Wikidata to the biomedical domain. As it stands, the biomedical databases are incomplete due to the lack of a cohesive platform that updates and records the everevolving daily changes and discoveries of scientific research. As new updates of scientific knowledge replace and modify older understandings, a single centralized update of the relevant Wikidata item can automatically update across multiple platforms and languages. It therefore has the potential to involve existing biomedical databases and integrate them with relevant information not yet contained in any of those existing ontologies. Here, we raise awareness of the potential use of Wikidata as a useful resource for biomedical data integration and semantic interoperability between biomedical computer systems (Jacobsen, Waagmeester, Kaliyaperumal, Stupp, Schriml, Thomspon, Su, & Roos, 2018) .
Definitions
Large-scale database A database including a voluminous set of data Multilingual database A database supporting data in multiple natural languages Machine-readable database A database that can be processed by computer methods and programs Human-readable database A database that can be read and understood by users Structured database A database in which data is always organized in the same format Multidisciplinary database Non-specialized database covering many fields of interest Centralized database A database that is found, saved and maintained in a single location Semantic database A database that uses a defined language set and data structure in order to be more easily integrated with other resources Knowledge-base A database structured as a network of statements, rather data tables, to optimise storage and retrieval of complex information Scholia A tool (https://tools.wmflabs.org/scholia/) that creates profiles for publications, research areas, individuals, institutions, journals and publishers based on bibliographic information available in Wikidata (Nielsen, Mietchen, & Willighagen, 2017) Wikidata as a large-scale semantic framework
In October 2012, Wikidata (www.wikidata.org) was created as an open, free, easily editable, ontological and collaborative semantic MediaWiki-based 1 knowledge-base to support Wikipedia (Vrandečić & Krötzsch, 2014; Vrandecic, 2013) . It has subsequently grown in use and has become a large-scale, human-readable and machine-readable, multilingual, multidisciplinary, centralized, ontological knowledge-base (Vrandečić & Krötzsch, 2014) . It currently supports over 350 languages and dialects 2 (Vrandečić & Krötzsch, 2014; Turki, Vrandečić, Hamdi, & Adel, 2017) , particularly English, Dutch, French and German 3 (Kaffee, Piscopo, Vougiouklis, Simperl, Carr, & Pintscher, 2017) , contains more than 200 million statements on about 56 million items and has a higher edit frequency than Wikipedia. Its rapid growth has been enabled by three main factors. Firstly, it has incorporated and combined several existing ontologies and datasets as well as the information already existing on Wikipedia. Secondly, it is easily modified and expanded thanks to its user and bot friendly interface with more than 18000 active editors (Vrandečić & Krötzsch, 2014; Müller-Birn, Karran, Lehmann, & Luczak-Rösch, 2015) . Thirdly, its Creative Commons CC0 license has facilitated its widespread use by other systems (Vrandečić & Krötzsch, 2014) .
Wikidata has multiple required features for a scientific knowledge-base, such as the ability to provide references and qualifiers for single claims, the easy live update procedure, and the possibility to audit every edit through public registers (https://www.wikidata.org/wiki/Special:RecentChanges) (Vrandečić & Krötzsch, 2014) . Wikidata connects to numerous external authorities, in a variety of areas (Vrandečić & Krötzsch, 2014) . It also increasingly references research papers to support its statements, summarising information from the literature into its machine-readable structure. Wikidata's architecture is based on widely used web standards, such as XML, JSON and RDF for representing its content (Vrandečić & Krötzsch, 2014) , and SPARQL as a query language (Bielefeldt, Gonsior, & Krötzsch, 2018) . Because of its regular structure, Wikidata can be easily used as the underlying database for other tools, such as Google Knowledge graph, or incorporated into other databases, such as DBpedia (Paulheim, 2017; Pellissier Tanon, Vrandečić, Schaffert, Steiner, & Pintscher, 2016; Ringler & Paulheim, 2017) .
Data organization
As a large-scale knowledge graph, Wikidata consists of two types of entities: items (e. This identifier is a number with prefix Q for items and a number with prefix P for properties (Vrandečić & Krötzsch, 2014) . For each item, a list of claims is attributed in the form of triples (Fig. 1) . The subject of the triple is the Wikidata item to which the claim refers, the predicate is a Wikidata property, and the object is a value. A value can be another item, a string, a URL, a time, a period, a location, or a quantity, depending on the property type. Claims can be made more precise through the use of qualifiers. These qualifiers show the contexts of the validity of the claim. Claims can be annotated through the inclusion of references. Qualifiers and references are also represented in the form of triples where the subject is the claim. To distinguish between qualifiers and references, the prefix P of the identifier of the Wikidata property of a reference triple is substituted by a prefix S. A claim and its references are considered a statement .
Wikidata is a secondary database, which means that it relies mainly on other resources to develop its content. It is not a data repository to add original work. To avoid errors done by new editors, each property has its own constraints related to its nature (single or multiple values, unit, mandatory qualifiers, etc.) (Hanika, Marx, & Stumme, 2019) . For example, the property strand orientation P2548 for a gene on a double stranded DNA molecule accepts only two values: forward strand (Q22809680) and reverse strand (Q22809711). Those constraints are explained in the discussion page of the property (e.g. https://www.wikidata.org/wiki/Property_talk:P2548) and potential violations or vandalisms are reviewed by advanced users. When gathering data form different resources, a content harmonization should be also done (Landis, 2019) . This issue has already emerged when implementing the Virtual International Authority File (VIAF) -an international reference file for authors and books that includes bibliographic and subject metadata (Loesch, 2011 ) -when different libraries had contradictory information (e.g. different data of birth of a painter) (Jin & Kudeki, 2019; Brenden Hansen, Hensten, Pedersen, & Bognerud, 2019) . Further information about Wikidata data organization can be found in https://www.mediawiki.org/wiki/Wikibase/DataModel/Primer.
Automated data usage and enrichment
Further than the possibility to manually explore and edit Wikidata through its user-friendly interface (https://www.wikidata.org, Fig. 1 ), Wikidata can be automatically accessed and adjusted by computer methods and programs using a variety of methods .
The whole Wikidata knowledge-base can be easily downloaded in RDF, XML or JSON format using database dumps freely available at https://www.wikidata.org/wiki/Wikidata:Database_download (Färber, Ell, Menne, & Rettinger, 2015) . The full record of a given Wikidata entity can be easily accessed in computer-friendly formats such RDF or JSON using the Linked Data Interface (Vrandečić & Krötzsch, 2014) . To find the record in a computer-readable format <file_format> of a Wikidata entity having <entity_ID> as an identifier, it is only required to access https://www.wikidata.org/wiki/Special:EntityData/<entity_ID>.<file_format>. Applications can use the Wikidata API (Application programming interface) to find, query or edit data in Wikidata (Vrandečić & Krötzsch, 2014) . This API and its detailed documentation are accessible at https://www.wikidata.org/w/api.php. Wikidata can be browsed or edited by bots, mainly written in Python using the Pywikibot framework (Pfundner, Schönberg, Horn, Boyce, & Samwald, 2015) . Further information about Pywikibot can be found at https://www.mediawiki.org/wiki/Manual:Pywikibot. However, to run a bot on Wikidata, the user should register a separate Wikimedia account for the bot and create a request for permission to validate its automated edits. That request should include a full description of bot functions and its main purposes and architecture 4 (Pfundner, Schönberg, Horn, Boyce, & Samwald, 2015) .
The interface is designed such that computer programming skills are useful but not necessary -since users can still automatically enrich Wikidata with their own dataset or knowledge or query it to answer questions, including medical ones (Mitraka, Waagmeester, Burgstaller-Muehlbacher, Schriml, Su, & Good, 2015) . Effectively, the user can use the SPARQL Endpoint of Wikidata 5 (Mitraka, Waagmeester, Burgstaller-Muehlbacher, Schriml, Su, & Good, 2015) . Queries can either be made by directly writing SPARQL query codes, or via a simple "query helper" graphical user interface ( Fig. 2A) . Clicking "Execute query" will then get query results. When the results are displayed, the user can visualize them as a table, a tree, a map, a chart or a graph but also save them in JSON, TSV, CSV, HTML and SVG formats. To get a list of which variants of which gene predict a positive prognosis in colorectal cancer, simple lines of SPARQL codes (available at https://w.wiki/4B8) are needed ( Fig. 2B, 2C) . By replacing Q188874 with Q128581, results will be shown for breast cancer instead ( Fig. 2D) . A key feature of Wikidata is a focus on connecting information from multiple fields. Such concepts could therefore be expanded to start asking far more complex queries such as "Which genes are associated with at least one type of cancer, and act in the same pathway as the targets of known drugs. Which researchers have published articles on these within the last 5 years?". Similarly, there are several tools for the automatic enrichment of Wikidata without the need for coding (Nielsen, Mietchen, &Willighagen, 2017) . The most important ones are QuickStatements and Descriptioner. QuickStatements 6 is used for creating items and/or adding statements to items and Descriptioner 7 is used to add new descriptions to all items that match a particular SPARQL query.For both of these, a Wikimedia account is required.To use QuickStatements, the user has to define each new statement or item in a single input line. A new statement should include an item (subject), a property (predicate), and a value (object) and can optionally involve qualifiers and references. After that, the user just clicks on "Do it" button to let the tool automatically insert the new statements or items to Wikidata. To use the Descriptioner tool, the user should simply enter a SPARQL query to find the Wikidata items to which a common description in a given natural language should be added. Then, the user should add the desired description and indicate its language before previewing and running the description process.
Wikidata as a valuable medical resource
When it comes to linking existing biomedical databases, major issues emerge. FAIR (Findable, Accessible, Interoperable, Reusable) data guidelines are difficult to elaborate when there aredifferent ontologies and controlled vocabularies. Even with similar databases (OBO, Bioschemas and SIO) results are inconclusive (Jacobsen, Waagmeester, Kaliyaperumal, Stupp, Schriml, Thomspon, Su, & Roos, 2018) .
Just as Wikipedia has become a valuable resource of public health literacy (Heilman, et al., 2011; Shafee, Masukume, Kipersztok, Das, Häggström, & Heilman, 2017) and medical education (Azzam, et al., 2017) , Wikidata is well-placed to take on the role as a centralized secondary biomedical ontological database (Vrandečić, 2012; Jacobsen, Waagmeester, Kaliyaperumal, Stupp, Schriml, Thomspon, Su, & Roos, 2018) . In fact, it is taking a hub role in a growing number of fields and had achieved already significant outreach to the biology domain, in particular as a common and shared vocabulary for genome projects Putnam, et al., 2017) or as a drug-drug interaction database (Ayvaz, et al., 2015) . This provides an example of how versatile it can be as centralized knowledge-base to ensure biomedical data integration and interoperability between biomedical computer methods and programs. Furthermore, the breadth of Wikidata also enables biomedical internationalized resource identifiers (IRI) to be linked to the wider database, such as relationships between those items and pharmaceutical companies, researchers, historical events, or locations.
As it is a multidisciplinary large-scale ontological database, Wikidata involves many medicine-related entries although several types of medical items such as classifications 8 , formulas 9 , medical signs (e.g. back pain), valves, anatomical parts (e.g. Iliac crest), tests, radiological signs, EEG and ECG biomarkers (e.g. S1Q3 is an ECG biomarker for pulmonary embolism), diagnosis methods (e.g. Valsalva maneuver, Köplik's spots) and surgical procedures are still missing (Fig. 3A) . These items range from human genes and proteins to anatomical entities such as arteries and veins and the most important ones have corresponding articles in the four largest language editions in Wikipedia (Fig. 3B) . All these items are linked together to form an extended biomedical taxonomy using taxonomic Wikidata properties:
instance of (P31), subclass of (P279), part of (P361) and has part (P527). This taxonomy is a key point as it allows computation of semantic similarity and relatedness in medical field (Pedersen, Pakhomov, Patwardhan, & Chute, 2007) . This taxonomy enhances also the classification, annotation and hierarchical categorization of multilingual biomedical resources such as research papers (Vanteru, Shaik, &Yeasin, 2008; Xuan, et al., 2009) , medical questions (Yu, Sable, & Zhu, 2005) , electronic health records (Albright, et al., 2013) , medical images (Seifert, et al., 2010) and DNA sequences (Osborne, et al., 2009 ). This will be useful for a variety of purposes like biomedical data mining (Koopman, Russell, & Zuccon, 2018; Xuan, et al., 2009 ) and extraction of biomedical relations (Abulaish & Dey, 2007) and term definitions (Ma & Distel, 2013) . Wikidata does not only involve taxonomic relations but also non-taxonomic relations (Appendix A). Indeed, biomedical Wikidata items can be linked to other ones using biomedical relations such as route of administration (P636), symptoms (P780), and side effect (P1909). Such information is important as it is the structured representation of clinical knowledge and is consequently useful for clinical data processing (E.g. The interpretation of biological analyses and X-ray images) and decision support (E.g. The automation of medical diagnoses and of drug prescription and the identification of drug-drug interactions within therapies) (Bodenreider, 2008) and for biomedical question answering ( Fig. 4 ) (Diefenbach, Tanon, Singh, & Maret, 2017) . These medical taxonomic and non-taxonomic triples therefore act as a machine-readable version of human-readable biomedical sentences. For example, a pharmaceutical interaction can be described (Example 1). Similarly, Wikidata triplets can be used to describe elements of a schematic diagram and their supporting references (Example 2).
Example 1: Paracetamol is subclass of non-opioid analgesic that inhibits COX1 and is used to treat pain, but has a significant interaction with carbamazepine.
• Triple 1 = paracetamol (Q57055)/subclass of (P279)/non-opioid analgesic (Q1747785) (Cherny & Christakis, 2011) • Triple 2 = paracetamol (Q57055)/enzyme inhibitor (Q427492)/COX1 (Q21126810) 10 • Triple 3 = paracetamol (Q57055)/medical condition treated (P2175)/pain (Q81938) 11 • Triple 4 = paracetamol (Q57055)/significant drug interaction (P769)/carbamazepine (Q410412) (Cazacu, Mogosan, & Loghin, 2015) Example 2: In the case of a eukaryotic gene, the 5' cap is a type of post transcriptional modification that is the part of a mature mRNA that binds ribosomes (Shafee & Lowe, 2017b ).
• Triple 1A = five prime cap (Q238406)/part of (P361)/gene (Q7187) (Moore, 2005) 10 National Drug File, ID: N0000145898. http://bioportal.bioontology.org/ontologies/NDFRT?p=classes&conceptid=N0000145898 11 IUPHAR/BPS Guide to pharmacology, ligand: 5239.http://www.guidetopharmacology.org/GRAC/LigandDisplayForward?ligandId=5239
• Triple 1B = gene (Q7187)/of (P642)/eukaryote (Q19088) (Moore, 2005) • Triple 2A = five prime cap (Q238406)/part of (P361)/messenger RNA (Q188928) (Guhaniyogi & Brewer, 2001) • Triple 2B = messenger RNA (Q188928)/of (P642)/eukaryote (Q19088) (Guhaniyogi & Brewer, 2001) • Triple 3 = five prime cap (Q238406)/instance of (P31)/post-transcriptional modification (Q417379) (Topisirovic, Svitkin, Sonenberg, & Shatkin, 2011) • Triple 4A = five prime cap (Q238406)/physically interacts with (P129)/ribosome (Q42244) (Ramanathan, Robb, & Chan, 2016) • Triple 4B = ribosome (Q42244)/of (P642)/eukaryote (Q19088) (Ramanathan, Robb, & Chan, 2016) Each triple in the example sentences can be supported by one or more references, in a way that would be unwieldy if distributed through a human-readable sentence, and impractical when annotating parts of a diagram (Good, Burgstaller-Muehlbacher, Mitraka, Putman, Su, & Waagmeester, 2016) . These statements then form an extended network that can be used to link concepts across medicine. Such networks can be visualised with the Wikidata Query Service. In the case of example 1, extending this to graph all significant interactions of drugs listed as being used to treat pain shows how extensive, yet still incomplete this dataset is (Fig. 5A) . For example, the interaction between fentanyl and amiodarone was missing (now corrected online) (Pérez-Mañá, Papaseit, Fonseca, Farré, Torrens, & Farré, 2018) . Similarly, extending the network of relationships around example 2 creates a network that can capture key relationships in the organisation of a gene's structure (Fig. 5B) in a machinereadable equivalent of pre-existing human-readable diagram representations (Shafee & Lowe, 2017b) . Edges indicate that the drug on the left axis (subject) has a significant drug interaction (P769) with the drug on the right axis (object). The most highly linked to are i) deprenyl, ii) isocarboxazid, iii) phenelzine, iv) procarbazine, and v) tranylcypromine. Labels on right hand axis in order: (RS)-methadone, halofantrine, acenocoumarol, acetazolamide, amiodarone, ammonium chloride, anagrelide, arsenic trioxide, astemizole, azithromycin, bepridil, carbamazepine, chloroquine, chlorpromazine, chlorpropamide, ciprofloxacin, cisapride, citalopram, clarithromycin, cocaine, deprenyl, disopyramide, dofetilide, domperidone, dronedarone, droperidol, erythromycin, escitalopram, flecainide, fluvoxamine, haloperidol, ibutilide, imatinib, isocarboxazid, isoniazid, mesoridazine, methotrexate, mexiletine, moxifloxacin, ondansetron, pentamidine, phenelzine, phenytoin, pimozide, probenecid, probucol, procainamide, procarbazine, propafenone, propranolol, quinidine, rifabutin, rifampicin, sevoflurane, sotalol, sparfloxacin, sulpiride, terfenadine, thioridazine, ticlopidine, tolbutamide, tranylcypromine, valproic acid, warfarin, zileuton. Live, interactive version at https://w.wiki/4Gh. B) Edges representing the predicates part of (green), subclass of (blue) and instance of (grey) descending from the item for Gene. Live, interactive version at https://tinyurl.com/yatp7cdy. Wikidata also includes database identifiers like Disease Ontology ID (P699), MeSH ID (P486) and SNOMED-CT identifier (P5806) that link out biomedical items to the identifiers of equivalent items in external databases. Such relations ensure biomedical ontology alignment and interoperability between biomedical computer methods and programs based on different semantic resources. Moreover, Wikidata links biomedical items to their epidemiological statistics such as incidence (P2844), prevalence (P1193) and disease burden (P2854) allowing users to statistically analyse the health situation of nations and regions for health policy management purposes using one of the automated data usage tools explained before (Ramatowski, et al., 2017) .
These features allowed Wikidata to cover quite all the subfields of medical science and to become comparable to major biomedical ontologies as shown in Table 1 . Ensuring that all items and statements exist and are supported by correct references remains a large, ongoing task (Färber, Bartscherer, Menne, & Rettinger, 2018) . In terms of quality, medicine-related items contain an average of 13 statements. These statements partly lack organization as shown in Fig. 6 (Brasileiro, Almeida, Carvalho, & Guizzardi, 2016) . Of these statements, 88.11% are backed by references such as URL links or direct references to documents or databases (e.g. Fig. 7 for genetic association with AIDS). However, this fact does not reflect the real situation of the statements related to biomedical items in Wikidata. In fact, this important overall referencing rate is strongly influenced by the large number of gene and protein items, whose statements are >90% referenced thanks to Gene Wiki initiative Putnam, et al., 2017) . Existing statements related other types of biomedical items are in part not available (Except drugs and drug classes due to the work of Ayvaz et al. (Ayvaz, et al., 2015) ) and not supported by references ( Table 2) . Given its increasing prominence, ensuring participation by clinicians, researchers and content experts is increasingly valuable (Shafee, Mietchen, & Su, 2017c; Masukume, Kipersztok, Das, Shafee, Laurent, & Heilman, 2016) . 
Conclusion
It is clear that Wikidata is a valuable open data platform for biomedical data processing, integration and alignment. Due to its reading and editing flexibility, we believe it has the potential to take on a role as a centralized repository for medical knowledge as its accuracy is consequently fundamental to public health. We therefore advise a larger involvement from clinicians and researchers as well as biomedical institutions in Wikidata development. In terms of the future direction of this work, we plan to create tools to facilitate access and management of biomedical data within Wikidata and to compare it with other existing biomedical databases in order to assess the quality of the biomedical information provided by Wikidata. Furthermore, we will try to improve the organization of medical data within Wikidata by adding description logics support to Wikidata properties (Krötzsch, Simancik, & Horrocks, 2014) and taking into consideration the different names given by anatomists and surgeons to entities, the changes in the names of biomedical entities over the years (AlRyalat, et al., 2018) , the morphological and physiological characteristics of anatomical entities, and the chronological evolution of the symptoms of diseases 12 . Moreover, we will upgrade Wikidata's biomedical data model so that it supports other types of useful clinical items, which will allow weight to be given to biomedical associations according a scale of importance 13 . We will further discuss the use of references of clinical statements in Wikidata to create structured and machine-readable abstracts of biomedical research publications 14 and the creation of an automatic process to enrich and adjust medical Wikidata using PubMed, MeSH and Scholia by identifying missing Wikidata properties related to medicine, by adding, verifying and adjusting biomedical items and taxonomic and non-taxonomic statements and by adding missing references to Wikidata statements (Turki, Hadj Taieb, & Ben Aouicha, 2018) and verifying existing ones 15 . 12 E.g. Acute appendicitis is characterized by an epigastric pain in early stages and by a right lower quadrant pain in late stages (Sherman, 1990 
